The harmful eVects of lead on infant and child development have been well documented.
1 As well as the risk posed by environmental exposure, concerns have been raised about fetal and neonatal exposure to maternal lead stores that may be released as bone is mobilised to meet the calcium demands of pregnancy and lactation.
2 Data available from both animal models, and to a lesser extent from humans, indicate a rise in blood lead concentrations during pregnancy coincident with maternal bone demineralisation to meet increased fetal requirements. 3 4 In a recent study, the skeletal contribution to blood lead concentration measured by changes in the lead isotope ratio, was estimated as 31% in seven pregnant women. 5 Bone is the repository of most lead that is not excreted. In adults the half life of lead in trabecular bone is several years and in cortical bone probably decades. 6 7 Bone is not an inactive reservoir. Recognition of bone as a biological maker of cumulative exposure to lead as well as a potential dynamic source of endogenous lead exposure has resulted in several investigations of the relation between bone lead concentrations and medical conditions associated with lead exposure in adults. There is good evidence that in men and women the risk for hypertension increases as bone lead concentrations increase. 8 9 Higher bone lead has been found to be a risk factor for increased reports of delinquency in adolescent males, decreased haemoglobin in construction workers, and poorer performance on cognitive tests in adult men. [10] [11] [12] [13] In several studies, after adjustment for bone lead concentrations, many of the other risk factors associated with adverse health outcomes including age, race, and education level, were no longer significant.
During the last half of pregnancy there is a dramatic increase in fetal need for and maternal provision of calcium.
14 Skeletal calcium is mobilised to meet fetal and later neonatal demands for calcium. Decreases in bone mineral content and bone mineral density in the range of 3% in the distal radius and lumbar vertebrae during pregnancy have been reported. 15 There is no apparent maternal-fetal barrier to lead and fetal and maternal blood lead are nearly equal. 16 Several prospective studies suggest that in utero exposure to maternal blood lead of 10-20 µg/dl may compromise children's early development. 17 Recent work also suggests an inverse relation between maternal lead burden, estimated by bone lead concentrations, and birth size in oVspring for women with relatively low blood lead 18 (Hernandez Avila, personal communication).
Concentrations of lead in air in Mexico have decreased over the past decade in response to regulatory control of emissions of leaded gasoline. However, some high dose lead sources remain including residual contamination of soil and dust by gasoline exhaust. Also, lead glazed pottery used for cooking and food storage is a major source of exposure. Romieu et al found that 81% of the lead glazed ceramics sampled in 54 households leached lead in excess of the Mexican norm of 7 ppm. In this study the mean (range) quantity of lead leached was 2163.3 (0.05 to 4968) ppm. 19 Thus, women in Mexico have current environmental sources as well as bone lead stores that may contribute to blood lead. The development of x ray fluorescence (XRF) provides a method for in vivo measurement of bone lead concentrations and makes possible exploration of the interrelations between cumulative exposure to lead, as reflected by concentrations of lead in bone measured by XRF, maternal concentrations of blood lead, environmental sources of exposure, and host factors.
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Methods
SAMPLE POPULATION
We reviewed baseline and follow up data from women who were enrolled in a randomised trial to assess the eVect of calcium supplements on blood lead during lactation. Between 28 April 1994 and 9 June 1995, venous or cord blood samples were obtained at the time of delivery from 1398 women admitted to one of three hospitals in Mexico City serving women with low to moderate incomes. Of the women who had both cord and venous blood lead measured during delivery (n=1167), a total of 516 returned for a follow up appointment at the study site. It was estimated that a study of this size had the power to detect a 30%-50% decrease in blood lead. Failure to return for follow up was related to living outside the study area or the decision to bottle feed the infant. For the present study, 30 minute bone lead measurements were taken from each subject's left mid-tibial shaft (cortical bone) and left patella (trabecular bone) after each region had been washed with a 50% solution of isopropyl alcohol. The K-x ray beam collimator was placed perpendicular to the bone surface of the tibia and at 30°in the lateral direction of the patella. Repeated measurements in 35 subjects showed an intraclass correlation of 0.84 and 0.82 for tibia and patella, respectively. 21 The physical principles, technical specifications, and validation of this instrument have already been described. 20 22-24 
QUESTIONNAIRE
Participants were interviewed at the research oYce by trained personnel who used a questionnaire to assess social and demographic characteristics, reproductive history, maternal health, and known risk factors for increased blood lead documented in previous studies. 25 26 The questionnaire includes items about exposure to lead-such as the use of low temperature fired lead glazed pottery to store or prepare food recently and in the past, smoking history, proximity to traYc or other point sources of lead, and occupational history. Participants were also given photographs of the typically red pottery to help identify it.
NUTRITIONAL STATE
Packed cell volume and haemoglobin concentrations were measured during the postpartum visit. Women also completed a 116 item food frequency questionnaire (FFQ). The validity and reproducibility of this tool to assess nutrient intake in Mexican women has been shown in a study comparing the questionnaire with four 4 day or 24 hour recalls scheduled 3 months apart over 1 year. 27 The FFQ uses an international source complemented with published food composition tables specific for the Mexican diet. The correlation between the FFQ used in this study and the 24 hour recalls for calcium in the validation study ranged from 0.38 to 0.52, indicating reasonable estimates of current calcium intake. 28 
STATISTICAL ANALYSIS
We examined the relation between concentrations of lead in blood and bone, known sources of environmental exposure, and confounding factors. For this study, data analysis was restricted to those women with measured concentrations of cord and postpartum blood lead and patellar and tibial lead, who delivered a single infant and who were exclusively breast feeding at the time of the first visit. We excluded the one woman who was over 40 years old. We also excluded women with incomplete information and those with high bone lead uncertainty values due to movement out of the measurement field or extreme thickness of overlying tissue as indicated by patellar measurement uncertainty of >15 µg Pb/g bone mineral or tibial uncertainty measurement of >10 µg Pb/g bone mineral. These restrictions limited the study population to 430 women.
Bivariate analyses were conducted on all variables and linear regression models were constructed to examine the relation between independent variables and concentrations of bone and blood lead. Saturated models were constructed for each biomarker with variables significant at the univariate level of p<0.10. Final models were developed with a stepwise regression procedure which permitted reexamination, at every step, of the variables incorporated into the model in previous steps allowing only those categorical variables with grouped p values <0.05 to stay in the model. 29 For blood lead, the saturated model and the selected model excluding and including patellar lead were compared to find the explanatory power of patellar lead for blood lead.
Models which included bone lead as a dependent variable, incorporated weights based on the inverse of the square of the individual estimates of bone lead uncertainty. These uncertainty values are, in eVect, estimates of the SD of multiple measurements at the site and their use minimises the eVect of misclassification due to measurement error. 30 The actual measurements in conjunction with individual estimates of uncertainty are then used to modify the standard regression model with bone lead as an explanatory variable. The relations between continuous dependent and independent variables including age, bone lead concentrations, and the log of blood lead concentrations were examined with generalised additive models and local (lowess) smoothing plots. 31 A linear relation was found between concentrations of tibial and patellar lead (tibia=10.1+0.5 (patella); r=0.11) and log blood lead as well as between age and tibial lead concentrations (age in years=−0.2+0.4 (tibia); r=0.05). The relation between log blood lead and age was a second order polynomial; however, transformation of the blood lead concentration did not improve the model.
Results
Subjects who participated in the study (n=430) did not diVer from those who were not enrolled by age, level of education, marital status, birth outcome, parity, or quartile of calcium intake. Of the 1398 women with either venous or cord blood lead concentrations at delivery, nonparticipants (n=968) were somewhat more likely than participants to report current use of lead glazed pottery. The distribution of blood lead for non-participants was similar to that of enrolled women with 25% and 29% of women, respectively, having blood lead >10 µg/dl. For participants, the mean (SD) and median blood lead concentrations were 9.5 µg/dl (4.5) and 8.5 µg/dl respectively. The mean (SD) tibial lead concentration was 10.2 µg Pb/g bone mineral (10.1) with a median value of 9.8 µg Pb/g bone mineral. For patellar bone lead, the mean (SD) was 15.2 µg Pb/g bone mineral (15.1) and the median was 14.6 µg Pb/g bone mineral.
NUTRITIONAL STATE Women whose daily calcium intake was in the second quartile, but still substantially below the USDA minimum daily requirement of 1200 g/day, had higher blood lead than the other participants (table 1) . There was no relation between calcium intake and concentrations of either tibial or patellar lead. There was also no relation between mean blood, patellar, or tibial lead and iron status in women with low functional iron (packed cell volume <35% or haemoglobin <11 g/dl). Women who currently used an outside public tap for drinking water had concentrations of tibial lead significantly lower than women whose drinking water came from a tap inside the house or from various other sources including private wells and bottled water (table 1).
EXPOSURE TO LEAD
Women who had ever smoked had higher tibial and patellar lead but not blood lead, than those who had never smoked. There were too few current smokers (n=17) to allow comparison of active smokers with those who had stopped.
The use of lead glazed pottery to cook was a powerful predictor of tibial, patellar and blood lead. Also, the relation between pottery variables and tibial, patellar, or blood lead followed a biologically plausible pattern considering the half life of lead in these various tissues. Tibia lead, with an estimated half life of 20 years or more, was highest for women who reported having used lead glazed pottery as children and lower among those with current but not past use. 7 In less dense patellar bone, with a shorter half life, women with current but not past use had higher patellar lead concentrations. Finally, in blood, with a half life for lead of about 3 weeks, lead concentrations were on average 2.5 µg/dl higher in women who used lead glazed pottery to cook food in the past week compared with those who had not used the pottery (table 1) . 6 Age and time spent living in Mexico City were also strongly predictive of both tibial and patellar lead concentrations. To better In the final models of both tibial and patellar lead concentrations, the percentage of life lived in Mexico City was strongly related to lead even after controlling for age. Women who had lived outside the City for 40% or more of their lives, had tibial and patellar bone lead concentrations on average 5 µg Pb/g bone mineral lower than those who had lived in Mexico City for a greater proportion of their lives (tables 2 and 3).
AGE AND REPRODUCTIVE HISTORY
In bivariate analysis parity had a positive relation with tibial and patellar lead concentrations. For the patella but not the tibia, lifetimemonths breastfeeding was also significantly related to lead concentration. However, once age was entered into the model, none of these relations remained significant (table 1) . Among women 25 years old and older, those with three or more children had significantly higher patellar lead concentrations than those with lower parity. For women less than 25, patellar lead concentrations were lower in the group with three or more children compared with young women with fewer children (mean 9.7 µg Pb/bone mineral v 13.4 µg Pb/bone mineral) although this diVerence was not significant (fig   1) . We found a similar relation between patella lead concentrations, age group and lifetime breast feeding experience. Among women over 25 years of age, patellar lead concentrations were significantly higher among women who had breastfed an infant for 6 or more months in their lives but this relation did not hold for younger women (data not shown). There was no interaction between reproductive history, age, and tibial lead concentrations.
In crude analysis, women with patellar lead concentrations in the 90th percentile had a blood lead concentration 3 µg/dl higher than women whose patellar lead concentrations were in the 10th percentile. In the final model of blood lead, patella lead concentrations explained a third of the variance accounted for in the model (table 4). The untransformed predicted mean blood lead of women in the highest patellar lead decile was 10.6 µg/dl whereas for women in the lowest it was 7µg/dl (fig 2) .
Discussion
Blood lead concentrations in Mexico City have declined dramatically in the past 20 years, undoubtedly as a result of reduced leaded gasoline emissions. Although population based screening has not been conducted, investigators have tested many residents over the past 30 years. Studies conducted during the 1970s reported mean umbilical cord blood concentrations of 13.6 µg/dl. 32 A World Health Organisation study of schoolteachers in 1981 found a mean lead concentration of 26.9 µg/dl. 33 Ten years later, among a randomly selected sample of low income women aged 21-57 years, the mean concentration was 9.6 µg/dl and 5% of the women had concentrations >25 µg/dl. 25 Blood lead concentrations in the slightly younger participants of the study reported here are comparable with the mean blood lead concentrations of 9.2 µg/dl found in nonoccupationally exposed adults and children in Ecuador but higher than those in many industrialised nations. 34 For example, in a randomly selected population of Belgium women, the mean blood lead reported in 1995 was 7.5 µg/dl and in 1998, a mean blood lead concentration of 5 µg/dl was found in 254 non-occupationally exposed adults in Barcelona. 35 36 Although the decrease in mean blood lead found in Mexico between 1970 and 1995 indicates how rapidly concentrations in a population can respond to vigorous eVorts to reduce exposure, it is noteworthy that the concentrations of lead in bone that we measured in these subjects were about two to three times higher than those found in the 1990s among non-occupationally exposed women of the same age in the United States and Canada. [37] [38] [39] Our finding that for older women patellar lead concentrations increase with increased lifetime number of months breast feeding and parity may seem to contradict previous work.
38 40 However, the previous studies were conducted in the United States during a time when concentrations of lead in air were decreasing. In our study, the increase in patellar lead may reflect bone remodelling activity in the past when ambient lead contamination was high. According to this conceptual model, old bone in such circumstances is replaced with new bone that is richer in lead, thereby increasing or maintaining overall bone lead concentration. 41 Data on the timing of previous births are unavailable for participants in our study, but the finding that patellar lead concentrations in younger women do not increase with parity or duration of breastfeeding also supports this hypothesis. Also, no interaction was found between these variables and tibia lead concentration which, given the long half life of lead in cortical bone and the ages of the women studied, provides additional support for this interpretation.
Although the relation between patellar lead concentrations and the variables describing use of pottery and living in Mexico City were significant, the model does not explain most of the variation in patellar lead. This suggests that there were other important sources of exposure for these women in the recent past. We did not ask questions about exposure to industrial emissions and were unable to measure recent exposure to gasoline emissions. As patellar lead concentrations contribute to maternal blood lead during the postpartum period, further research in this area is needed.
Previous studies among adults who were not pregnant or lactating suggest that trabecular bone lead makes a significant contribution to blood lead, and that blood lead is higher in women with higher patellar lead concentrations. Hu et al found that a rise in patellar lead of 43 µg/g was associated with a 4.3 µg/dl rise in blood lead among exposed men in the community. 42 By comparison, in this study of women in the early postpartum period, we found that a rise in patellar lead of 35 µg/g was associated with a rise of 3.6 µg/dl in blood lead.
Because Mexican law prohibits the use of x rays during pregnancy, we were unable to measure women's bone lead during pregnancy. However, the half life of lead in bone and the 0.62 correlation between maternal blood lead in the early postpartum period and cord blood lead (table 4) suggests that the contribution of bone to circulating lead during pregnancy is similar to that during the early postpartum period.
The finding in this study that daily calcium intake is not associated with either patellar or tibial lead concentrations and that blood lead concentrations for women in the lowest intake quartile are the same as those in the highest quartile may illustrate the diYculty of measuring lifetime nutrient intake. The inverse relation between calcium consumption and blood lead is well documented in both animal and other human populations. An earlier pilot study in Mexico found a significant relation between milk and cheese consumption and bone and blood lead. 43 Although iron has been shown to be an important factor in lead absorption, we did not find a significant relation between haemoglobin or packed cell volume and concentrations of lead in bone or blood. These findings are most likely the result of both the few women with low functional iron and the diYculty of measuring iron deficient anaemia in a population undergoing the physiological changes associated with the early postpartum period. The relation between type of drinking water and blood lead in bivariate analysis may be related to the use of lead in the distribution system for indoor taps and private wells or it may be a reflection of economic status. Once other variables are included in the models, water supply is no longer significantly related to concentration of lead.
This study provides further evidence that current use of lead glazed pottery is significantly related to blood lead and that its use in the past has contributed to women's body burdens. 19 25 26 39 44 45 EVorts to reduce the use of the pottery need to be redoubled and should include a public education campaign, which identifies the hazard of use during pregnancy and informs parents that childhood exposure may have eVects later in life. Also, it seems that lead from past maternal exposure is released into the blood during pregnancy and the early postpartum period and contributes to the exposure of the fetus and neonate.
In this study, we cannot assess the concern that the transfer of lead from mother to child, begun during pregnancy, will continue during lactation. The relation between maternal concentrations of lead in blood and breast milk and infant blood lead is an area in which further study is critically needed.
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